Historic,  archived  document 

Do  not  assume  content  reflects  current 
scientific  l<nowledge,  policies,  or  practices 


Issued  DecembLT  29,  190(3. 


U.  S.  DEPARTMENT   OF  AGRICULTURE, 

.    FOREST    SERVICE— Circular  47. 

GIFFORD    PINCHOT,    Forester. 


STRENGTH  OF  PACKING  BOXES  OF 
VARIOUS  WOODS. 


W.  I^NDRICK   HATT,  Ph.  D., 

CIVIL  ENGINEER,   FOREST  SERVICE. 


ORGANIZATION  OF  THE  FOREST  SERTICE. 

GiFFORD  PiNCHOT,  Fo'^esier. 

OvERTOX  W.  Price,  Associate  Forester. 

GENERAL  INSPECTION, 

Frederick  E.  C)l.-\isted,  in  Charge. 

LAW, 

(teorge  AV.  Woodruff,  in  Charge. 

PUBLICATION  AND  EDUCATION, 

Herbert  A.  Smith,  in  Otarge. 

DENDROLOGY, 

George  B.  Sudworth,  in  Charge. 

GRAZING, 

Albert  F.  Potter,  in  Charge. 

RECORD, 

James  B.  Adams,  in  Charge. 

RESERVE  ORGANIZATION, 

FOREST  MANAGEMENT, 

Thomas  H.  Sherkard,  in  Charge. 

FOREST  EXTENSION, 

Ernest  A.  Sterling,  in  Charge. 

FOREST  PRODUCTS, 

William  L.  Hall,  in  Charge. 
(2) 


STRENGTH  OF  PACKING  BOXES  OF  VARIOUS  WOODS. 


PURPOSE  OF  TESTS. 

The  increasing  demand  for  boxes,  combined  with  the  decreasing 
supply  of  lumber  suitable  for  their  manufacture,  has  practically  revo- 
lutionized the  methods  of  box  making.  Many  kinds  and  sizes  of  boxes 
are  demanded  by  the  different  trades,  and  the  long- continued  use  of 
certain  woods  has  often  convinced  the  customer  that  these  are  the 
only  ones  which  can  be  used  for  the  purpose.  But  with  the  increasing 
scarcity  of  familiar  material  the  manufacturer  is  being  forced  to  adopt 
new  woods,  and  it  was  with  the  purpose  of  determining  the  merits  of 
different  kinds  of  wood  as  box  material  that  the  tests  here  described 
were  undertaken.  The  scope  and  working  plan  of  the  tests  were  lixt 
after  an  extended  correspondence  with  manufacturers. 

WOODS  TESTED. 

The  woods  tested  were  Michigan  white  pine,  New  England  white 
pine,  loblolly  pine,  western  spruce,  western  hemlock,  cottonwood,  and 
red-gum.  These  were  supplied  by  several  lumber  manufacturers,  to 
whom  acknowledgment  is  due. 

CONSTRUCTION  OF  BOXES. 

The  lumber  for  the  boxes  used  in  the  tests  was  of  average  box 
quality,  and  contained  only  sound,  live  knots.  Most  of  it  was  kiln- 
dried,  and  at  the  time  of  test  contained  about  14  per  cent  of  moisture. 
It  was  of  the  same  width  and  thickness  for  all  boxes  of  the  same  size 
and  style,  and  when  more  than  one  piece  was  used  in  any  side  or  end 
it  was  tongued  and  grooved.  While  it  is  now  known  that  sap  stains 
do  not  affect  the  strength  of  wood,  yet  it  was  required  that  the  lumber 
furnished  should  be  free  from  them. 

The  nails  were  cement-coated  wire  box  nails.  No  steel  bands  or 
other  strengthening  elements  were  used. 

The  shooks  were  made  up  into  boxes  at  a  factory  in  Louisville,  Ky., 
under  the  inspection  of  a  member  of  the  Forest  Service.  From  the 
factory  the  boxes  were  shipped  to  the  testing  laboratory  at  Purdue 
University,  Lafayette,  Ind. 

Three  sizes  of  boxes  were  made,  designated  as  small,  medium,  and 
large.  The  small  boxes  were  identical  with  those  commonly  used  for 
small  articles  up  to  100  pounds.  The  medium  boxes  corresponded  to 
those  used  for  hardware,  soap,  or  canned  goods  up  to  250  pounds. 
The  large  boxes  were  like  those  used  for  drj^  goods  up  to  600  pounds. 
Four  boxes  of  each  size  were  made  of  each  kind  of  wood.     The  tabu- 
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lar  statement  below  shows  the  st^'les  and  dimensions  of  the  main 
series  of  boxes,  the  width  and  thickness  of  the  lumber,  and  the  size  of 
the  nails. 

The  styles  of  the  boxes  numbered  1,  2,  3,  and  4:  were  as  follows: 
No.  1,  plain  Avithout  battens;  No.  2,  four  square  battens  on  each  end: 
>Jo.  3,  four  bevel  battens  on  each  end;  No.  4.  two  battens  on  each  end. 
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Three  or  five  nails  to  each  piece  were  used  on  the  ends,  as  specified. 
When  a  box  was  made  with  a  batten,  every  third  nail  was  driven  into 
the  batten.  Along  the  sides  three  nails  were  used  in  18-inch  lengths, 
four  nails  in  30-inch  lengths,  and  five  nails  in  'iO-inch  lengths.  The 
nails  in  the  battens  were  staggered  and  clinched  with  5-inch  spacing. 

METHOD  OF  TESTS. 

The  method  of  tests  consisted  in  appljdng  a  load  along  the  diagonal 
of  a  box,  an  action  similar  to  that  which  occurs  when  a  box  is  dropt 
on  one  of  its  corners.  The  load  was  measured  at  each  one-fourth  inch 
increase  in  deflection,  and  notes  were  made  of  the  primary  and  subse- 
quent failures.  This  test,  it  is  believed,  is  the  best  measure  of  the 
strength  of  a  box.  Under  service  conditions,  however,  the  contents 
of  a  box  are  often  packed  under  pressure,  and  thus  there  is  a  force 
acting  outward.     The  test  described  does  not  produce  this  condition. 

First  failure  meant,  in  the  case  of  the  large  boxes,  a  sliding  on  each 
other  of  the  side  boards,  followed  by  a  bending  of  the  battens  and  a 
sliding  of  the  end  boards.  Final  failure  was  accompanied  bA^-a  split- 
ting of  the  end  boards  along  the  inside  edges  of  the  top  or  bottom 
battens.  Between  the  first  and  final  failures  there  occurred  a  pulling 
of  the  nails  of  the  side  boards  either  from  the  bottom  or  from  the  end 
boards,  and  at  times  a  splitting  of  the  end  boards  or  of  the  battens. 
The  method  of  test  in  this  case  and  the  characteristic  failure  are  shown 
in  figure  1. 

In  medium-sized  boxes,  as  in  the  larger  size,  first  failure  was  accom- 
panied by  a  sliding  of  the  side  boards  and  a  pulling  of  the  nails.  Final 
failure,  however,  Avas  usually  due  to  the  splitting  of  a  side  thru  exces- 
siA^e  skew  of  the  panel.     In  boxes  of  tliis  size  the  amount  of  skew  for 


a  given  load  is  greater  than  in  those  of  the  other  sizes.     Figure  2  shows 
the  failure  under  test. 

In  the  small  boxes  the  sides  and  ends  usually  consisted  of  but  one 
board,  and  the  strength  of  the  box  depended  upon  the  shearing  strength 
of  the  wood  in  both  sides  and  ends.  Failure,  therefore,  was  accom- 
panied b}^  a  splitting  of  either  the  side  or  the  end  board.  This  is  shown 
in  fio'ure  3. 


Fig.  1.— Failure  under  test  of  a  large  packing  box  of  New  England  white  pine.     (Note  the  splitting 
of  the  end  boards  due  to  the  sliding  of  the  side  boards.) 

RESULTS  OF  TESTS. 

Comparison  of  the  strength  and  weight  of  the  various  boxes  is  made 
in  figure  4.  New  England  white  pine  is  the  standard  by  which  the 
others  are  judged,  as  shown  by  the  horizontal  dotted  line.  It  shows 
that  of  the  woods  tested  cottonwood  was  the  strongest  for  medium 
and  large  boxes,  and  red  gum  for  boxes  of  small  size.  For  all  sizes 
cottonwood  and  red  gum  occupied  the  first  two  positions  in  regard  to 
strength.  The  weakest  wood  dilfered  for  each  kind  of  box.  For  the 
large  size  it  was  western  spruce,  for  the  medium  size  Michigan  white 
pine,  and. for  the  small  size  North  Carolina  pine.  Red  gum  was  the 
heaviest  wood  in  all  cases,  altho  yellow  pine  and  North  Carolina 
pine  closely  approached  it  in  this  respect. 

Since  the  factors  of  weight  and  strength  for  a  given  wood  var}^  with 
the  different  boxes,  they  are  combined  in  figure  5,  which  shows  for 
each  species  the  strength  per  unit  of  weight.     When  goods  are  shipped 


Fig.  2.— Failure  under  test  of  medium-sized  packing  box 
of  New  England  wliite  pine.  Box  with  two  battens  on 
each  end. 


at  high  freight  rates  this  factor  of  combined  weight  and  strength  is 
important.     In  the  diagram   the    strength    per    unit    of   weight  of 

New  England  white-pine 
boxes  is  the  standard  by 
which  the  strength  of  the 
others  is  judged,  and  is 
therefore  taken  as  100  per 
cent.  Here,  as  in  the  lirst 
diagram,  of  the  woods  tested 
Cottonwood  appears  the 
strongest.  Another  fact 
brought  out  by  the  diagram 
is  that  wliile  for  small  boxes 
four  species— namely,  Cot- 
tonwood, red  gum,  western 
spruce,  and  western  hem- 
lock— show  a  greater  strength 
per  unit  of  weight  than  does 
white  pine,  yet  for  boxes  of 
large  size  the  strength  of 
white  pine  per  unit  weight 
is  exceeded  only  by  that  of  cottonwood.  It  is  true  that  neither 
western  hemlock  nor  Michigan  white  pine  were  tested  for  large 
boxes,  yet  their  relative  po- 
sitions in  the  tests  for  the 
other  two  sizes  plainlj^  indi- 
cate that  their  strength  per 
unit  of  weight  decreases 
more  than  that  of  New  Eng- 
land white  pine  with  the  in- 
crease in  the  size  of  the  box. 
Slight  differences  of  sea- 
soning of  the  wood  enter 
into  these  results  to  modify 
somewhat  the  conclusions. 
The  strength  of  the  large 
boxes  is  largely  the  strength 
of  the  joints,  and  depends  on 
the  holding  force  of  the  nails 
and  the  size  and  character  of 
the  battens.  The  number 
of  boxes  represented  b}^ 
figures  4  and  5  is  as  follows: 
Large  boxes,  11;  medium 
boxes,  16;  small  boxes,  15. 

In  addition  to  this  series  of  tests  to  indicate  the  relative  value  of  the 
woods  used  in  furnishing  strength  to  a  box,  other  matters  were  sug- 
gested by  manufacturers  for  investigation. 


-Failure  under  tejt  of  a  small  packing  box  of  red 
gum.    Box  plain  without  battens. 


Fig.  3.- 


The  relative  strength  of  square  and  bevel  battens  in  the  case  of  large 
boxes  was  tested.  Two  large  boxes  of  each  of  seven  species  of  wood 
were  furnished  with  bevel  battens  and  tested  as  described.  There  was 
no  advantage  in  beveling  the  battens,  since  the  square  battens  made  a 
somewhat  stronger  box. 
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Fig.  4.— Strength  and  weight  ol  packing  boxes  of  various  woods      (Numbers  at  bottom  o^  figures 
represent  relative  standing  of  the  species  in  the  scale  of  strength  and  weight,  respectively.) 

The  possibility  of  saving  lumber  by  substituting  thin  end  boards  for 
end  boards  of  standard  thickness  was  investigated.  The  standard  sizes 
can  not  be  reduced  without  reducing  the  strength  of  the  box. 

In  the  case  of  small  boxes  of  New  England  pine,  the  strength  of 
lock-cornered  boxes  exceeded  that  of  the  dovetailed  boxes  and  the 
latter  that  of  the  nailed  boxes. 

In  addition  to  the  tests  of  boxes  under  a  load  applied  along  the  diago- 
nal, other  boxes  were  tested  under  a  load  applied  along  the  entire 


length  of  the  edge  of  the  box.  and  these  tests  confirm  the  results  of 
the  tests  described  above. 

In  all.  ITI  boxes  were  made  up  and  tested. 

A  further  conclusion  to  be  drawn  from  the  tests  is  that  the  majority 
of  nails  at  the  end  of  the  side,  top,  and  bottom  boards  should  be 
driven  into  the  end  boards  rather  than  into  the  battens.  For  example, 
if  five  nails  are  to  be  used  at  the  end  of  the  side  board,  three  should 
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ing  boxes  of  various  woods. 

be  driven  into  the  side  boards  and  two   into  the  battens.     This  would 
prevent  the  common  failure  due  to  the  nails  in  the  side  boards  pushing 
out  a  section  of  the  wood. 
Approved: 

James  Wilson, 

Secretary. 
Washix(;ton.  D.  C,  Septemljer  27.  1906, 
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